A b s t r a c t -T h i s review t r a c e s t h e e v o l u t i o n of e x p e r iments i n c o l l i s i o n a l i o n i z a t i o n d e s i g n e d t o i l l u s t r a t e and e x p l o r e t h e i n f l u e n c e of moderately i n t e n s e o p t i c a l r a d i a t i o n on t h e outcome of a t o m i c c o l l i s i o n s . I -EARLY WORK M y r e s e a r c h group and I became i n t e r e s t e d i n l a s e r -s t i m u l a t e d e v e n t s w i t h t h e o b s e r v a t i o n of L i + and ~i +
produced by c r o s s e dbeam c o l l i s i o n s i n t h e p r e s e n c e o$ a p u l s e d l a s e r f i e l d tuned t o t h e a t o m i c L i resonance l i n e . The e s s e n t i a l e l e m e n t s of t h e e x p e r i m e n t a l l a y o u t a r e i l l u s t r a t e d i n f i g u r e 1. Two e f f u s i v e a t o m i c beams c r o s s a t 90 i n t h e c e n t e r of a n e v a c u a t e d chamber. Counterpropagating l a s e r beams t r a v e r s e t h e i n t e r a c t i o n c e n t e r i n t h e same p l a n e a s t h e a t o m i c beams a t a n g l e s of 45' and 135' w i t h r e s p e c t t o t h e r e f e r e n c e a t o m i c beam a x i s . I o n s produced by c o l l i s i o n a l p r o c e s s e s a r e a c c e l e r a t e d v e r t i c a l l y upward by a p u l s e d e l e c t r i c f i e l d and mass a n a l y z e d by t i m e -o f -f l i g h t (TOF) mass s p e c t r o s c o p y . Photon emission c a n a l s o be d e t e c t e d by a n o p t i c a l system mounted i n t h e same p l a n e a s t h e l a s e r and atomicbeams. Data i s accumulated by e i t h e r boxcar a v e r a g i n g o r by waveform d i g i t i z a t i o n .
F i g u r e 2 shows t h e r e l a t i v e energy l e v e l s of t h e Li2 and ~i~+ g r o u n d s t a t e s .
The f i r s t experiment employed o n l y a s i n g l e l a s e r .
When tuned t o t h e a t o m i c resonance l i n e , c o l l i s i o n s between e x c i t e d Li*(2p) p a r t n e r s r e q u i r e a minimum a d d i t i o n a l energy of a b o u t 0.41eV t o produce Li2+ by a s s o c i a t i v e i o n i z a t i o n (A.I.). Absorption of a t h i r d photon from t h e l a s e r beam p r o v i d e s 1.85eV, s u f f i c i e n t n o t o n l y f o r A . I . b u t a l s o f o r Penning i o n i z a t i o n ( P . I . )
Ion i n t e n s i t y t h e r e f o r e should be s t r o n g l y peaked a t t h e a t o m i c resonance l i n e , Li2+ and ~i + s h o u l d b o t h be p r e s e n t , and t h e s i g n a l s h o u l d be l i n e a r w i t h l a s e r i n t e n s i t y i n t h e regime where t h e a t o m i c o p t i c a l t r a n s i t i o n i s s a t u r a t e d .
The r e s u l t s , shown i n f i g u r e s 3 and 4 , a c c o r d w i t h o u r e x p e c t a t i o n s .
To f u r t h e r t e s t t h e s e i d e a s we added a second l a s e r , c o u n t e r p r o p a g a t i n g a s shown i n f i g u r e 1, and tuned s e v e r a l hundred wavenumbers o f fresonance from t h e a t o m i c t r a n s i t i o n . Linearity of signals from laser-induced Penning and associative ionization. JOURNAL DE PHYSIQUE n o t t o be r e s o n a n t t o p r o v i d e sufficient energy f o r A . I . and P . I . , one might e x p e c t enhancement of i o n s i g n a l s from n o n r e s o n a n t photon a b s o r p t i o n b u t only when t h e f i r s t l a s e r i s r e s o n a n t l y tuned.
F i g u r e 5 d e m o n s t r a t e s c l e a r l y t h a t n o n r e s o n a n t enhancement i n d e e d t a k e s p l a c e a s e x p e c t e d when (and o n l y when) t h e f i r s t l a s e r h a s p o p u l a t e d t h e f i r s t e x c i t e d L i l e v e l . These i n i t i a l e x p e r i m e n t s t e l l us l i t t l e a b o u t t h e n a t u r e of l a s e r -i n d u c e d c o l l i s i o n dynam i c s .
They s e r v e o n l y t o d e m o n s t r a t e t h a t i t e x i s t s ! I both lasers no l a s e r F i g u r e 5: Augmentation of l a s e r -i n d u c e d s i g n a l when a second, n o n r e s o n a n t l a s e r f i e l d i s added t o f i r s t l a s e r r e s o n a n t w i t h L i a t o m i c t r a n s i t i o n .
W e c h o s e n e x t t o s t u d y c o l l i s i o n s between two d i s s i m i l a r a l k a l i atoms i n a second experiment t o see i f t h e e f f e c t observed i n Li-Li w a s somehow unique t o homonuclear s p e c i e s . One might e x p e c t s o s i n c e t h e long-range electric d i p o l e -d i p o l e i n t e r a c t i o n g i v e s r i s e t o p o t e n t i a l e n e r g y s p l i t t i n g s v a r y i n g as t h e i n v e r s e cube of t h e i n t e r n u c l e a r s e p a r a t i o n f o r homonuclear c o l l i s i o n s , w h i l e t h e same i n t e r a c t i o n i n h e t e r o n u c l e a r c o l l i s i o n s produces p o t e n t i a l s h i f t s v a r y i n g as t h e i n v e r s e s i x t h power of t h e i n t e rn u c l e a r d i s t a n c e . S i n c e t h e d i p o l e -d i p o l e e f f e c t i s l e s s pronounced i n h e t e r o n u c l e a r s p e c i e s , t h e o v e r a l l l a s e r -i n d u c e d c o l l i s i o n phenomenon might be more d i f f i c u l t t o observe.
F i g u r e 6 shows t h e r e l e v a n t energy l e v e l s i n Na-Li system. When t h e l a s e r i s tuned t o t h e ~a ( 3 s -3 p ) t r a n s i t i o n f i g u r e 7 shows t h a t ~a L i + p r o d u c t i o n t a k e s p l a c e 2 and f i g u r e 8 shows t h a t t h e i o n i n t e n s i t y i s l i n e a r i n l a s e r power. Thus l a s e r -i n d u c e d A . I . can be d e m o n s t r a t e d f o r h e t e r o n u c l e a r c o l l i s i o n systems and i s n o t r e s t r i c t e d t o t h e homonuclear s i t u a t i o n .
But having p e rformed t h e s e s i m p l e o b s e r v a t i o n a l e x p e r i m e n t s "pour me t t r e l ' e f f e t e n e c i d e n c e " i t i s n e c e s s a r y t o examine more c l o s e l y t h e n a t u r e of t h e c o l l i s i o n dynamics. R e l e v a n t energy l e v e l s and t r a n s i t i o n s i n NaLi and ~a L i + .
N~L~'INTENSITY vs LASER FREQUENCY
F i g u r e 7: ~a L i + s i g n a l vs. laser frequency. Note t h a t peaks a p p e a r a t N a a t o m i c resonance p o s i t i o n s i n a c c o r d w i t h i n t e r p r e t a t i o n of f i g u r e 6 .
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0 LASER INTENSITY
F i g u r e 8: L i n e a r i t y of ~a~i + v s . l a s e r power d e n s i t y .
I1 -ALKALI-ALKALINE EARTH EXPERIMENTS
The n e x t s e t of e~~e r i m e n t s ,~,~ was designed t o i n v e s t i g a t e t h e r o l e of long-range f o r c e s i n l a s e r -i n d u c e d phenomena.
Two complementary experiments were performed: F i u r e 9 shows t h e energy l e v e l and c o u p l i n g scheme f o r p r o c e s s (17.
I n e s s e n c e t h e sequence of e v e n t s i s a s f o l l o w s . An i n it i a l l a s e r p u l s e p o p u l a t e s t h e Na(3p 2~3 / 2 ) l e v e l . T h i s r e s on a n t l y e x c i t e d atom approaches a ground s t a t e Ba and p e r t u r b s i t through a long-range van d e r Waals i n t e r a c t i o n .
The c o l l i s i o n a l p e r t u r b a t i o n can be thought of a s producing a v i r t u a l s t a t e i n t h e Ba atom w i t h t h e energy of t h e ~a ( 3 p ) l e v e l .
Now a second l a s e r p u l s e (hw2) completes t h e Ba t r a n s i t i o n from t h e v i r t u a l s t a t e t o t h e f i n a l e x c i t e d s t a t i o n a r y l e v e l Ba* (6p2 IS,). T h i s e x c i t e d l e v e l i s immediately p h o t o i o n i z e d i n t h e f i e l d of t h e second l a s e r p u l s e which y i e l d s t h e f i n a l i o n p r o d u c t .
Note t h a t hw2 should be v e r y c l o s e t o t h e d i f f e r e n c e between ~a ( 6~~ l s 0 ) and Na(3p 2~~/~) energy l e v e l s and t h a t t h e o v e r a l l Ba t r a n s i t i o n i s from t h e ground s t a t e ~a ( 6 s~ IS,) t o Ba(6p2 IS,) --a f o r b i dden t r a n s i t i o n i n a c c e s s i b l e by c o n v e n t i o n a l s i n g l e photon absorpt i o n . The e x p e r i m e n t a l r e s u l t i s shown i n f i g u r e 10. The peak i n t h e c r o s s s e c t i o n indeed f a l l s c l o s e t o t h e e x p e c t e d wavel e n g t h .
I
f t h e van d e r Waals i n t e r a c t i o n between two c o l l i d i n g s p e c i e s is dominant, however, a d i s t i n c t asymmetry i n t h e l i n e shape should e x t e n d a b o u t 10-20 A t o t h e long wavlength s i d e of t h e peak. Although a s l i h t asymmetry can be d i s c e r n e d , i t d r o p s o f f much more s h a r p T-afi-y t an p r e d i c t e d by simple theory.5 F i g u r e 11 shows t h a t t h e photon s t o i c h i o m e t r y i s q u a d r a t i c
because t h e two-step p r o c e s s r e q u i r e s one photon f o r t h e energy t r a n s f e r and one photon f o r t h e p h o t o i o n i z a t i o n . Energy l e v e l s of weakly i n t e r a c t i n g a t o m i c c o l l i s i o n between ~a " ( 3~) and Ba.
Note t h a t peak i n Ba+ product i o n o c c u r s a t t h e e n e r g y d i f f e r e n c e between ~a * ( 6~~ IS,) and N~" (~P~/~) .
The r o l e s p l a e d by t h e two c o l l i d i n g s p e c i e s c a n be r e v e r s e d . I f t h e Ba ( 6 s b p YP1) l e v e l i s p o p u l a t e d by t h e f i r s t l a s e r and t h e second l a s e r t r a n s f e r s t h e e n e r g y t o Na"(4d) w i t h s u b s e q u e n t phot o i o n i z a t i o n , t h e p r o c e s s would a p p e a r as d e p i c t e d i n f i g u r e 1 2 .
Here we have shown t h e q u a s i m o l e c u l a r c u r v e s n e a r t h e i r asympt o t i c l i m i t s --a p i c t u r e e q u i v a l e n t t o t h a t of f i g u r e 9. The r e s u l t i s shown i n f i g u r e 13. A s e x p e c t e d a peak a p p e a r s n e a r t h e ~a * ( 4 d ) -~a ( 6 s 6~ lp1) d i f f e r e n c e e n e r g y b u t a g a i n t h e l i n e s h a p e i s n a r r o w e r t h a n e x p e c t e d .
The f a i l u r e of s i m p l e t h e o r y t o a c c o u n t f o r t h e l i n e s h a p e means t h a t t h e c o l l i s i o n a l c o u p l i n g mechanism c a n n o t be d e s c r i b e d s i m p l y by a van d e r Waals i n t e r a ct i o n .
These r e s u l t s i n d i c a t e t h a t a l t h o u g h t h e photon i n t e r a ct i o n i s w e l l -u n d e r s t o o d , t h e c o l l i s i o n a l e f f e c t s a r e n o t .
111 -OFFRESONANT Na2+ PRODUCTION I N SODIUM VAPOR I n a n e a r l y e x p e r i m e n t 6 we r e p o r t e d e x t e n s i v e s t r u c t u r e i n Na2+ p r o d u c t i o n under c r o s s e d beam c o n d i t i o n s i n t h e p r e s e n c e of two l a s e r f i e l d s --one tuned t o t h e Na r e s o n a n c e l i n e and t h e o t h e r scanned o v e r t h e r a n g e from a b o u t 6100 A t o 5750 A . F i g u r e 14 shows t h i s r i c h s t r u c t u r e i n a more r e c e n t v e r s i o n of t h e e x p e r i m e n t 7 --t h i s time w i t h o n l y one l a s e r s c a n n i n g o v e r t h e r e d -o r a n g e -y e l l o w -g r e e n r a n g e of t h e s p e c t r u m . The l a b e l e d s t i c k s p e c t r u m above t h e d a t a i n d i c a t e p o s i t i o n s of s t r o n g t r a ns i t i o n s i n D o p p l e r -f r e e , two-photon a b s o r p t i o n e x p e r i m e n t s c a r r i e d o u t r e c e n t l y by schawlow8, e t a l . The q u e s t i o n i s : Does t h e NaZ+ s t r u c t u r e come from m u l t i p h o t o n i o n i z a t i o n (MPI) of t h e s m a l l amount of Na2 i n t h e a t o m i c sodium beams o r i s i t due l a s e r -i n d u c e d a s s o c i a t i v e i o n i z a t i o n between sodium atoms? I n o r d e r t o answer t h i s q u e s t i o n we embarked on a two-pronged s t u d y . F i r s t we performed a s e r i e s of e x p e r i m e n t s 7 t o t e s t t h e s e ns i t i v i t y of t h e Na2+ s i g n a l t o t h e a t o m i c o r dimer p o p u l a t i o n i n t h e r e a c t a n t beams.
S e c o n d l y , we uiiZSX5ok t o l y z e t h e MP1 mechanism9 i n Na2 dimer s o as t o d e t e r m i n e whether o r n o t i t a l o n e c o u l d e x p l a i n t h e Na2+ s p e c t r u m . 
F i g u r e 12:
Quasimolecular e n e r g y l e v e l s r e l e v a n t t o p r o c e s s ( 2 ) . F i g u r e 13: Experimental r e s u l t showing Na+ peak a t l a s e r f r equency c o r r e s p o n d i n~ t o e n e r g y d i f f e r e n c e between Na*(4d) and ~a " ( 6 s 6p l p l ) . Figure 15: Experiment testing sensitivity of off-resonant ~a 2 + signal to Na atomic population.
t h e ~a 2 + i n t e n s i t y .
F i g u r e 15 summarizes t h e experiment and t h e r e s u l t . The l e f t s i d e of t h e f i g u r e shows two pathways f o r photon a b s o r p t i o n .
The f a r l e f t i s a s u g g e s t e d r o u t e t o ~a 2 + and Na+ t a k i n g p l a c e d u r i n g t h e c o u r s e of a n a t o m i c c o l l i s i o n . L a s e r 2 ('hw2) i s tuned i n t o t h e b l u e wing of t h e Na resonance l i n e .
Long-range r e s o n a n t d i p o l e f o r c e s produce a p o t e n t i a l c u r v e s p l i t t i n g which b r i n g s t h e photon i n t o a b r i e f t r a n s i e n t r e s onance w i t h t h e time-dependant d i f f e r e n c e p o t e n t i a l .
A second photon i s immediately absorbed i n t o t h e dense manifold of s t a t e s a s s o c i a t e d w i t h t h e Na(3p), Na(4d), and Na(5s) l e v e l s .
From t h i s p o i n t t h e system has enough energy t o undergo a s s o c i a t i v e i o n i z at i o n , but we have d e p i c t e d i t a b s o r b i n g y e t a t h i r d photon t o s u g g e s t t h e p o s s i b i l i t y of a n open Penning i o n i z a t i o n c h a n n e l a s w e l l . I n t h e experiment we tune %m2 t o some a r b i t a r y p o s i t i o n i n t h e r e d o r b l u e wing and monitor NaZ+ i n t e n s i t y . T h i s s i g n a l i s i n d i c a t e d on t h e f a r r i g h t of t h e f i g u r e . Now t h e pathway c e n t e r -l e f t i n f i g u r e 15 shows what happens i f l a s e r 1 ('Kml) i s t u r n e d o n t o t h e Na(3p) resonance l i n e . L a s e r 1 s a t u r a t e s t h e t r a n s i t i o n ; removing a b o u t t w o -t h i r d s of t h e a t o m i c p o p u l a t i o n from t h e ground s t a t e t o t h e e x c i t e d l e v e l . I n t h e p r e s e n c e of t h e i n t e n s e f i e l d of l a s e r 2 t h i s p o p u l a t i o n i s p h o t o i o n i z e d by a two-photon p r o c e s s . I n e f f e c t t h e a c t i o n of t h e two l a s e r s o p t ic a l l y pumps t h e e n t i r e a t o m i c p o p u l a t i o n from t h e ground s t a t e i n t o t h e i o n i z a t i o n continuum. The r e s u l t on t h e ~a 2 + i n t e n s i t y of t h i s a t o m i c d e p o p u l a t i o n i s shown on t h e r i g h t hand s i d e . The d r a m a t i c d i m i n u t i o n of t h e peak l a b e l e d ".2iwl on resonance" o c c u r s only when l a s e r 1 i s tuned t o t h e a t o m i c resonance l i n e . W e I n t e r p r e t t h i s o b s e r v a t i o n t o mean t h a t t h e a t o m i c MP1 p r o c e s s e f f e c t i v e l y " s h o r t -c i r c u i t s " t h e l a s e r -i n d u c e d A. I. pathway by p r o v i d i n g a more r a p i d c h a n n e l t o i o n i z a t i o n .
Note t h a t t h e s i g n a l does n o t d i s a p p e a r e n t i r e l y which indeed may i n d i c a t e a r e s i d u a l c o n t r i b u t i o n due t o m o l e c u l a r MPI.
I n o r d e r t o i n v e s t ig a t e t h i s p o s s i b i l i t y more c l o s e l y we performed experiments on a dimer beam i n t e r n a l l y c o o l e d by f r e e -j e t expansion. F i g u r e 16 i s a schematic of t h e a p p a r a t u s which i s e s s e n t i a l l y a n a d a p t a t i o n of t h e s e t -u p used i n t h e crossed-beam work. Here we have o n l y one s u p e r s o n i c beam.
The probe l a s e r i s e i t h e r s c a n n i n g through t h e v i s i b l e r a n g e t o g e n e r a t e an MP1 spectrum o r i s a t f i x e d UV Source produces f r e e -j e t e x p a n s i o n r a t h e r t h a n e f f u s i v e beam. Top spectrum: model c a l c u l a t i o n ; bottom spectrum: measured MP1 i n j e t .
wavelength w i t h s u f f i c i e n t energy t o p h o t o i o n i z e d i r e c t l y b o t h t h e atom and dimer s p e c i e s . The UV beam m o n i t o r s t h e r e l a t i v e Na -Na2 p o p u l a t i o n i n t h e f r e e -j e t expansion. On good days t h e s o u r c e i s c a p a b l e of producing a beam w i t h a p p r o x im a t e l y 50% dimer c o n c e n t r a t i o n . The c o o l e d dimer MP1 spectrum i s shown i n t h e bottom h a l f of f i g u r e 17. Note t h e s t r i k i n g s i m p l if i c a t i o n over t h e s t r u c t u r e e x h a i b i t e d i n f i g u r e 14. I n t e r n a l c o o l i n g of t h e v i b r a t i o n a l s t a t e s t o t h e l o w e s t l e v e l and r o t a t i o n a l c o o l i n g t o a b o u t 60°K ( v e r i f i e d by
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Figure 18: Pathway throu h e x c i t e d s t a t e s of Na2, producing three-photon $ r e s o n a n t l y enchanced) i o n i z a t i o n . Note t h a t Na2 A (~E~ s u p p l i e s the v i r t u a l s t a t e coupling between the X ing and ligt 4d S t a t e s .
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Figure 19 :
Top spectrum: rnodel c a l c u l a t i o n ; bottom spectrum: measured MP1 i n e f f u s i v e beam.
Cl-186 JOURNAL DE PHYSIQUE c o r r e c t 9 . F i g u r e 19 compares t h e o f f -r e s o n a n t s p e c t r u m o f f i g u r e 1 4
t o t h e same MP1 model b u t w i t h t h e v i b r a t i o n a l -r o t a t i o n a l t e mp e r a t u r e s r a i s e d t o t h o s e t y p i c a l of a n e f f u s i v e beam.
Agreement i n t h e r e g i o n between 60008 a n d 59508 i s n o t t o o bad, b u t e l s e w h e r e t h e model f a i l s t o a c c o u n t f o r many o b s e r v e d s t r u c t u r a l f e a t u r e s . We c o n c l u d e t h e n t h a t a t l e a s t some of t h e Na2+ s t r u c t u r e i s d u e t o d i m e r MP1 b u t n o t a l l of i t . F u r t h e r e x p e r im e n t s need t o be p e r f o r m e d u n d e r c o n d i t i o n s of n e g l i g i b l e d i m e r c o n c e n t r a t i o n s o a s t o c o m p l e t e l y remove t h e i n f l u e n c e of d i m e r s f rom t h e s i g n a l .
I V -ASSOCIATIVE IONIZATION DYANMICS BY TOF PHOTOFKAGMENTATION S P E C T R O S C~
A n o t h e r f a c e t i n t h e o v e r a l l problem of l a s e r -i n d u c e d dynamics i s t h e d i s t r i b u t i o n of i n t e r n a l s t a t e s o f t h e p r o d u c t ~n o l e c u l e i o n s . W e h a v e s t u d i e d t h e i n t e r n a l s t a t e d i s t r i b u t i o n of two A . I . p r ocesses, by m e a s u r
i n g t h e d i s t r i b u t i o n of r e c o i l e n e r g y i n t h e N a + f r a g m e n t s when t h e Na2+ formed i n ( 3 , 4 ) i s p h o t o d i s s o c i a t e d by monochromatic l i g h t
F i g u r e 20 shows t h e r e l e v a n t e n e r g y l e v e l d i a g r a m .
I n t h e c a s e o f ( 3 ) we s e e t h a t v i b r a t i o n a l l e v e l s from a b o u t v = 40 a r e e n e r g e t i c a l l y a c c e s s i b l e .
For f i x e d hv ( f r o m t h e p h o t o d i s s oc i a t i o n L a s e r ) t h e a c t u a l d i s t r i b u t i o n of v i b r a t i o n a l p o p u l a t i o n
w i l l be r e f l e c t e d i n t h e p h o t o f r a g m e n t r e c o i l e n e r g y , W.
The e x p e r i m e n t a l s e t -u p i s shown i n f i g u r e 21. F i r s t a l a s e r t u n e d t o a n a t o m i c t r a n s i t i o n p r e p a r e s t h e c o l l i d i n g p a r t n e r s i n s t a t e s s u i t a b l e f o r A . I . t o t a k e p l a c e .
The c o l l i s i o n a l i n t e r a c t i o n r e g i o n i s t h e n sampled by a p u l s e d e l e c t r i c f i e l d t h a t d r a w s t h e i o n s v e r t i c a l l y i n t o a s e c o n d , d r i f t r e g i o n where t h e i o n p a c k e t i s p h o t o d i s s o c i a t e d . The TOE s p e c t r u m of b o t h t h e f r a g m e n t s a n d t h e p a r e n t a r e f i n a l l y d e t e c t e d a t t h e end of t h e d r i f t r e g i o n . F i g u r e 22 shows a t y p i c a l p a r e n ti n d i c a t i n g t h e n a r r o w t i m e d i s p e r s i o n i n t h e Na $eaEns$b::YY9 F i g u r e s 2 3 a n d 24 show t h e r e s u l t s f o r p r o c e s s e s ( 5 , 4 ) .
I n b o t h c a s e s t h e r e c o i l e n e r g y p e a k s a t t h e maximum i n t h e Maxwell-Boltzmann d i s t r i b u t i o n of r e l a t i v e c o l l i s i o n e n e r g i e s a n d t h e W d i s t r i b u t i o n i s smooth w i t h a p p a r e n t l y a l l e n e r g e t i c a l l y a v a i l a b l e v i b r a t i o n a l e n e r g y l e v e l s f i l l e d .
I n p a r t i c u l a r f i g u r e 24 shows no e v i d e n c e o f a p r e v i o u s l y s u g g e s t e d b i m o d e l i n t e r n a l e n e r g y d i s t r i b u t i o n i n p r o c e s s ( 4 ) .
Molecular c u r v e s r e l e v a n t t o p h o t o f r a g m e n t a t i o n of Na2+ formed by a s s o c i a t i v e i o n i z a t i o n . The q u a n t i t y W 1 s t h e r e c o i l energy from which t h e i n t e r n a l s t a t e d i s t r i b u t i o n of p a r e n t N a Z f c a n be i n f e r r e d . z 0 F i g u r e 22 : P a r e n t peaks i n ~a~+ photo£ r a m e n t a t i o n e x p e r i m e n t . Note narrow time d l o p e r s i o n of N a Z t i o n p a c k e t .
RESULTS FROM Na(3pl t Na(3p) A . I . The f i n a l t o p i c i n t h i s r e p o r t c o n c e r n s t h e u s e of f r e e -j e t e x p a n s i o n s and h i g h -r e s o l u t i o n l a s e r s t o r e v e a l s u b t l e a s p e c t s of b o t h t h e s t r u c t u r e and dynamics of c o l l i s i o n a l q u a s i m o l e c u l e s . The s p e c i f i c problem i s d e t e r m i n a t i o n of t h e b a r r i e r h e i g h t i n Na2 (ginU), b u t t h e t e c h n i q u e s a p p l i e d t o i t s s o l u t i o n p o i n t t h e way t o a f r u i t f u l l i n e of r e s e a r c h on t h e d i s s o c i a t i o n dynamics of e x c i t e d m o l e c u l e s . I n t e r a c t i o n s s u c h a s s p i n -o r b i t , hyperf i n e , o r C o r i o l i s c o u p l i n g between a d i a b a t i c s t a t e s c a n p r of o u n d l y i n £ l u e n c e t h e f i n a l s t a t e s of t h e d i s s o c i a t e d p a r t n e r s . By measuring t h e s e f i n a l s t a t e s we can b e g i n t o u n d e r s t a n d h a l fc o l l i s i o n p r o c e s s e s which u n d o u b t e d l y p l a y a n i m p o r t a n t r o l e i n l a s e r -i n d u c e d p r o c e s s e s as w e l l .
To be i n w i t h we employ a n o p t i c a l pumping scheme ( s t e p s 6 a n d 7 below? t o p r e p a r e Na2 i n v i b r a t i o n a l s t a t e s f a v o Confirmation of r e s u l t shown i n f i g u r e 25 from s e v e r a l d i f f e r e n t pump t r a n s i t i o n s .
S t e p ( 8 ) i s t h e f i n a l d i s s o c i a t i o n t o o n e e x c i t e d a n d o n e g r o u n d s t a t e atom.
W e e x p e c t a s h a r p o n s e t of ~a " ( 3 p ) f l u o r e s c e n c e a s l a s e r 2 (hw ) i s s c a n n e d t h r o u g h t h e b a r r i e r h e i g h t .
R e l a t i v e i n t e n s i t y o$ D1 t o D e m i s s i o n w i l l y i e l d i m m e d i a t e l y i n f o r m a t i o n on n o n a d i a b a t i c c o u p ? i n g s i n c e a p u r e l y a d i a b a t i c d i s s o c i a t i o n would r e s u l t o n l y i n p o p u l a t i o n of t h e N a ( 3 p 2~3 / 2 ) l e v e l . F i g u r e 25 shows t h e s h a r p o n s e t of D2 e m i s s i o n between ( c ) a n d ( d ) a s e x p e c t e d .
The f e a t u r e a t (b) i s t h e l a s t q u a s i b o u n d v i b r a t i o n a l s t a t e of N a (B I n u ) .
I t s p o s i t i o n a n d w i d t h a l l o w u s t o i n f e r t h e ghape o$ t h e b a r r i e r n e a r i t s maximum.
F i g u r e 26 shows t h a t by u s l n g s e v e r a l pump t r a n s l t l o n s we c a n s c a n l a s e r 2 o v e r t h e b a r r i e r h e i g h t a t s e v e r a l d i f f e r e n t s p e c t r a l p o s i t i o n s d e p e n d i n g on t h e v i b r a t i o n a l l e v e l pumped by l a s e r 1. The v a l u e o f t h e b a r r i e r h e i g h t t u r n s o u t t o be 367 c m -l r 8 c m ' l a n d t h e o b s e r v a t i o n of o n l y D2 e m i s s i o n i n d i c a t e s a n e s s e n t i a l l y a d i a b at i c d i s s o c i a t i o n .
The i n t e r e s t i n t h i s e x p e r i m e n t , however, i s i n i t s p o t e n t i a l more t h a n i n i t s r e s u l t .
By u s i n g a laser w i t h a r e s o l u t i o n of a b o u t 20 MHz, i n d i v i d u a l r o t a t i o n a l s t a t e s c a n be p r e p a r e 
